Background: Kawasaki disease (KD) is a systemic vasculitis of unknown etiology. Thymus and activation-regulated chemokine/chemokine ligand 17 (TARC/CCL17) is one of the Th2 chemokines and has been suggested as a candidate gene for conferring susceptibility to Th2 associated with allergy diseases. This study examined the correlation between gene polymorphisms and plasma levels of TARC/CCL17 in patients with KD and the outcomes of KD. Methods: A total of 381 KD patients and 564 controls were subjected to determination of five tagging single-nucleotide polymorphisms of TARC/CCL17. In addition, plasma TARC/ CCL17 levels were measured by enzyme-linked immunosorbent assay. results: Polymorphisms of TARC/CCL17 were significantly different between normal children and patients with KD. A allele of rs4784805 has better intravenous immunoglobulin (IVIG) treatment response to KD. Furthermore, plasma TARC/ CCL17 levels were higher in KD patients than that in controls before IVIG treatment. After IVIG treatment, plasma TARC/ CCL17 levels decreased significantly. conclusion: This study provides the first evidence supporting the association between TARC/CCL17 polymorphisms, susceptibility of KD, and IVIG responses in KD patients. k awasaki disease (KD), also known as mucocutaneous lymph node syndrome, is an acute febrile systemic vasculitis that was first described by Kawasaki et al. in 1974 in English (1), but its etiology remains unknown till now. It occurs most commonly in children younger than 5 y of age, particularly in children younger than 2 y of age, and the clinical presentation of KD is prolonged fever, conjunctivitis, diffuse mucosal inflammation, polymorphous skin rashes, indurative edema of the hands and feet associated with peeling of finger tips, and nonsuppurative lymphadenopathy (2). In developed countries, KD has been the leading cause of acquired heart diseases in children (2,3). The most serious complication of KD is the occurrence of coronary artery lesions (CALs), including myocardial infarction, coronary artery fistula formation (4), coronary artery dilation, or coronary artery aneurysm (CAA) (5). In addition, KD is the major cause of acquired CAA in childhood (6). The prevalence of KD in children is the highest in Japan, followed by Korea and Taiwan, and the lowest in Europe (5). Therefore, it is possible that a genetic background plays an important role in the pathogenesis of KD.
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Thymus and activation-regulated chemokine/chemokine ligand 17 (TARC/CCL17) is a member of the CC chemokine group (7) . It is a ligand of the CC chemokine receptor (8) , which is selectively expressed on Th2 cells (9) and serves for the recruitment and migration of cells bearing this receptor (7) (8) (9) . TARC/CCL17 has been suggested as a candidate gene for conferring susceptibility to Th2 associated with allergy diseases and is highly implicated in the pathogenesis of atopic dermatitis (10, 11) and bronchial asthma (12) . There are several lines of evidence pointing out an abnormal Th1/Th2 balance in KD patients (13) . Recently, it has been shown that the incidence of atopic dermatitis and bronchial asthma among children with KD was nine times and three times greater than that of controls (14, 15) , respectively. In addition, a single-nucleotide polymorphism (SNP) in a C-to-T substitution at position -431 (431C/T) in the 5′-flanking region was demonstrated that significantly increased the levels of serum TARC/CCL17 concentrations (16) . Therefore, this study examined the correlation between TARC/CCL17 gene polymorphisms and plasma levels of TARC/CCL17 in patients with KD and the outcomes of KD. Table 1 shows the characteristics of the subjects. A total of 381 KD patients and 564 controls were enrolled in this study. In the selected population, 66.8% of cases and 55.5% of controls were male. The mean age of patients and controls was 1.7 ± 1.6 y (SD) and 5.4 ± 3.7 y, respectively. Children were predominant Articles Lee et al.
RESULTS

Association of TARC/CCL17 Polymorphism With Susceptibility to KD
in the study population. There were 9.7% of KD with CAL formation and 4.2% with aneurysm formation. Among these KD patients, 12.9% were resistant to initial intravenous immunoglobulin (IVIG) treatment. The distribution of SNP genotypes was in accordance with the Hardy-Weinberg equilibrium for both cases and controls ( Table 2 ). The distribution of TARC/ CCL17 genotypes between the KD patients and healthy children differed significantly ( Table 2 ). In the comparison of the alleles distribution between the KD patients and the normal control, the TARC/CCL17 SNP rs223895, rs223899, and rs223828 showed significant associations with KD under three genetic models (genotype model: P = 0.0262, P = 0.0095, and P = 0.0028; dominant model: P = 0.0149, P = 0.0031, and P = 0.0007; allelic model: P = 0.0065, P = 0.0033, and P = 0.0013, respectively). Furthermore, the T-allele frequency of rs223895, A-allele frequency of rs223899, and T-allele frequency of rs223828 were all significantly lower in patients with KD than that in the normal control ( Table 2 ; P = 0.0062, P = 0.0025, and P = 0.0011, respectively).
Association Between TARC/CCL17 Genetic Polymorphism and CAL, Aneurysm Formation, or IVIG Responsiveness
In the comparison of the distribution of alleles and the risk of CAL formation, as shown in Table 3 , there were no differences between genotypes of TARC/CCL17 and CAL formation. Further analysis found that KD patients with rs16956811 GG genotype (P = 0.0451) and rs223828 CC genotype (P = 0.0389) had higher risk of aneurysm formation; however, the significance disappeared after Bonferroni correction (Table 4) . Moreover, genetic polymorphisms of rs223895, rs4784805, and rs223828 were also associated with aneurysm formation; however, also in this case, the significance disappeared after Bonferroni correction (see Supplementary Table S1 online). In addition, pharmacogenomics approaches indicated that patients with KD have A allele of rs4784805 (P = 0.0037 and P = 0.0046, respectively) with better IVIG treatment response ( Table 5 ).
Plasma TARC/CCL17 Levels in the KD Patients and Controls
We measured the plasma TARC/CCL17 protein expressions in the KD patients (n = 92) and age-matched febrile controls (n = 99) using enzyme-linked immunosorbent assay kits. As shown in Figure 1 , we found higher TARC/CCL17 levels in the KD patients than that in the controls (398.01 ± 35.18 and 127.33 ± 14.18 pg/ml, respectively; P < 0.001). The TARC/ CCL17 levels were greatly decreased after IVIG treatment, and the lowest levels were noted at the subacute stage at least 3 wk after IVIG treatment in KD patients (303.94 ± 29.51 and 160.14 ± 14.64 pg/ml, respectively; both P < 0.001). In addition, we found that the plasma TARC/CCL17 levels of pre-IVIG, post-IVIG, and subacute stages did not differ significantly in 
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Articles the occurrence of CAL, CAA, and the responsiveness in KD patients (data not shown; all P > 0.1).
Plasma TARC/CCL17 Levels in the Different Genotypes of KD Patients and Controls
We explored the functional effect of the genetic polymorphisms of TARC gene expression. As shown in Table 6 , TARC/ CCL17 levels were higher in the patients with KD than that in the controls (P < 0.001). However, no significant correlation between genetic polymorphisms and protein expression was noticed. association of the SNP with susceptibility to bronchial asthma and atopic dermatitis (10, 16) . In this study, we report the correlation between TARC/CCL17 genetic polymorphisms and KD. Furthermore, we also found that plasma TARC/CCL17 protein levels changed dynamically over the course of the illness. Plasma TARC/CCL17 levels were higher in KD patients than that in controls (P < 0.001) before IVIG treatment. After IVIG treatment, plasma TARC/CCL17 levels decreased significantly (P < 0.001). However, the change of TARC/CCL17 levels was not associated with IVIG treatment response and the occurrence of CAL and CAA. The plasma TARC/CCL17 levels were markedly increased in patients with KD in the acute stage and greatly decreased after IVIG treatment. TARC/CCL17, a ligand for CC chemokine receptor 4 and CC chemokine receptor 8, serves for the recruitment and migration of lymphocytes of the Th2 phenotype (8,9) and direct T-cell and macrophage recruitment into areas of allergic inflammation. In human and animal studies, it is demonstrated that TARC/CCL17 mRNA and protein are potently induced by the Th2 cytokine, interleukin-4 (IL-4), through induction of promoter binding of signal transducer and activator of transcription 6 (STAT6) (17, 18) . IL-4/signal transducer and activator of transcription 6 signaling during T-cell development contributes to polarized patterns of cytokine expression manifested by differentiated Th cells (19) . IL-4, mainly produced by Th2 T cells, mast cells, basophils, and eosinophils, appears to be a crucial factor in allergic responses (20) . However, prolonged IL-4 stimulation might result in the downregulation of TARC/CCL17 expression through classical negative-feedback loops including the activation of suppressors of cytokine signaling families (21) . Hijnen et al. (22) demonstrated that TARC/CCL17 levels in patients with atopic dermatitis were significantly higher than those in healthy controls. Furthermore, they can be objective parameters for disease severity-specific atopic dermatitis and treatment monitoring. In our KD patients, we found that significantly high levels of TARC/CCL17 have also been observed than those in the controls, which was compatible with our previous findings of increased IL-4/IL-5 expression in patients with KD (13) . Moreover, our previous study showed that IL-4, IL-5, and eotaxin increased significantly after IVIG treatment (13) . Not Comparison of plasma TARC/CCL17 levels by enzyme-linked immunosorbent assay (ELISA) between controls (n = 99) and patients with Kawasaki disease (KD) (n = 92). There were higher TARC/CCL17 levels in the KD patients than in the controls before intravenous immunoglobulin (IVIG) treatment. Furthermore, the TARC/CCL17 levels were greatly decreased after IVIG treatment and the lowest levels at subacute stage at least 3 wk after IVIG treatment in KD patients. **P < 0.01. Data are presented as mean ± SE. surprisingly, the TARC/CCL17 levels were greatly decreased after IVIG treatment in KD patients, which raises the possibility of the activation of negative-feedback loops (23, 24) . Of note, there were still higher TARC/CCL17 levels at a subacute stage than those in the controls (P < 0.001). However, we found that the plasma TARC/CCL17 levels of pre-IVIG, post-IVIG, and subacute stages did not differ significantly in the occurrence of CAL, CAA, and the responsiveness in the KD patients. However, high levels of TARC/CCL17 mRNA expression are seen in some, but not all, human arteries with advanced atherosclerotic lesions which could play a role in mononuclear cell recruitment into atherosclerotic lesions and influence the subsequent inflammatory response (25) .
DISCUSSION
In consonance with the findings of Sekiya et al. (16) and Tsunemi et al. (22) in allergic disease, we also found increased plasma TARC/CCL17 levels in the KD patients than those in the controls, but the differences were not significant. Indeed, we found that the TARC/CCL17 levels were not associated with the genotypes of TARC/CCL17 in the patients with KD and in the controls, which reflects that the upregulation of TARC/CCL17 levels might be due to the disease itself and not because of the genotype difference.
Genetics might play an important role in the pathogenesis of KD (26) . Genome-wide association study for KD was firstly performed by Burgner et al. (27) . A total of 40 SNPs and 6 haplotypes were confirmed in an independent cohort of KD families. In Asian population, Onouchi et al. (28) identified the susceptibility loci on chromosome 19q13.2 and further confirmed the functional SNP of inositol 1, 4, 5-trisphosphate 3-kinase C in the disease activity of KD. Recently, it has been demonstrated that rs28493229 is associated with susceptibility to KD and CAL formation (28, 29) . We have also demonstrated that the A allele of rs72689236 located in the 5′-untranslated region of caspase 3 is very likely to be a risk allele in the development of aneurysm in patients with KD (30) and the association of CTLA-4 (+49) A/G polymorphism with the CAL formation of KD, particularly in female patients (31) . In this study, we revealed that TARC/ CCL17 gene polymorphisms have an association with the susceptibility of KD and were significantly associated with disease outcomes of KD patients in a Taiwanese population. Indeed, to the best of our knowledge, the allelic distribution of TARC/ CCL17 between ethnic groups is still unknown. Future studies of TARC/CCL17 genotypes in patients with KD of other ancestries could prove to be quite interesting.
This study has potential limitations that should be reviewed. First, there were still higher TARC/CCL17 levels at the subacute stage at least 3 wk after IVIG treatment in KD patients as compared with the controls, and this should be ascertained through longitudinal studies to elucidate the time-dependent changes in TARC/CCL17 levels, especially during the convalescent stage of KD. Second, we cannot exclude the possibility that the higher TARC/CCL17 levels in the KD patients as compared with the controls were due to a longer duration of fever in the KD patients than that in the controls. Third, to identify low-frequency genetic polymorphisms in TARC/CCL17, application of direct sequencing is needed.
Conclusion
This study provides the first evidence supporting the association of TARC/CCL17 polymorphisms with the susceptibility to KD and clinical outcome as well as significantly increased TARC/CCL17 levels in KD patients. The role of elevated TARC levels in KD patients remains unknown. Further studies are warranted to investigate the pathophysiological basis for these findings with regard to KD.
METHODS
Patients Studied
A total of 381 patients with KD and 564 controls were enrolled in this study. The prevalence of KD is <1 in 1,000 children in a Taiwanese population. Therefore, we assumed that there was no KD case in the control group. Blood samples from the febrile age-matched control patients, who were admitted for upper and/or lower respiratory tract infections (including acute bronchiolitis, acute pharyngitis, acute bronchitis, croup, and acute tonsillitis), were used for cytokine comparison. All KD patients were initially treated with a single dose of IVIG (2 g/kg) during a 12-h period. This study was approved by the Institutional Review Board of the Chang Gung Memorial Hospital, and informed consent was obtained from either the parents or guardians of the children. Blood samples were collected within 24 h before IVIG treatment (pre-IVIG stage), within 3 d after IVIG treatment (post-IVIG stage), and at least 3 wk after IVIG treatment (subacute stage). Patients whose symptoms did not fit the KD criteria or those who had suffered from an acute fever for <5 d were excluded. All 
